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PreviewsMalaria Virulence Genes:
Controlling Expression
through Chromatin Modification
Mutually exclusive expression within the var gene
family of the malaria parasite Plasmodium falciparum
is important for parasite survival and virulence. In this
issue of Cell, Duraisingh et al. and Freitas-Junior et
al. provide evidence for the role of Sir2-dependent al-
terations in chromatin structure and changes in sub-
nuclear chromatin localization in regulating var gene
expression (Duraisingh et al., 2005; Freitas-Junior et
al., 2005).
The var gene family of the malaria parasite Plasmodium
falciparum has been at the center of intense investiga-
tion since its initial description in 1995 (reviewed in
Kyes et al., 2001). The proteins encoded by these large,
highly variable genes are thought to be the major viru-
lence factor found on the surface of infected red blood
cells, directly contributing to the pathogenic nature of
the P. falciparum infection and thus placing these
genes at the crux of a disease responsible for several
million deaths annually throughout the developing world.
A key attribute of this gene family is that while the ge-
nome of each individual parasite contains approxi-
mately 60 var gene copies, expression is limited to a
single gene at any given time (Scherf et al., 1998; Chen
et al., 1998). Over the course of an infection, expression
switches from one var gene to another, resulting in anti-
genic variation of the parasite population and a persis-
tent infection that is difficult for the host immune sys-
tem to clear. Expression within this large collection of
genes is therefore thought to be mutually exclusive and
conceptually similar to examples of “allelic exclusion”
described in higher eukaryotes.
The molecular mechanisms that control allelic exclu-
sion and mutually exclusive gene expression are not
completely understood in any eukaryotic system, al-
though alterations in chromatin structure and promoter
accessibility are commonly cited as important aspects
of the regulatory pathway. Similar conclusions were
made regarding the control of var gene expression after
studies indicated that changes in DNA sequence or
transcription factors were not associated with the tran-
scriptional activation or silencing of individual var genes
(Scherf et al., 1998; Deitsch et al., 1999). Two papers
presented in this issue, by Duraisingh et al. and Freitas-
Junior et al., provide the first solid evidence that indeed
changes in var gene expression are associated with al-
terations in the structure and subnuclear localization of
chromatin as well as binding of the telomere-associ-
ated protein PfSir2 (Duraisingh et al., 2005; Freitas-
Junior et al., 2005). This work provides an excellent
foundation to begin to decipher the molecular details
behind the precise regulation of this large collection of
virulence-determining genes.
While many of the results presented in these two pa-pers are consistent with characteristics of chromatin-
mediated gene silencing described in other organisms,
there are aspects that are unique and potentially very
informative. In both P. falciparum and S. cerevisiae, the
histone deacetylase Sir2 is involved in specifying silent
chromatin and binds to regions of the chromosomes
that are known to be transcriptionally repressed. These
regions include the telomeres where Sir2 binds at the
chromosome ends and spreads into the subtelomeric
regions. However, while yeast Sir2 spreads up to ap-
proximately 3 kb from the end of the chromosome (Re-
nauld et al., 1993), in P. falciparum, PfSir2 was shown
to spread much more extensively, spreading at least 55
kb from the telomeric repeats and extending through
many genes, including a large portion of the var gene
repertoire that is located within subtelomeric regions.
Whereas yeast Sir2 is required for gene silencing and
telomere position effect and its loss results in transcrip-
tional activation, disruption of PfSIR2 has a less-pro-
nounced effect and only derepresses a subset of sub-
telomeric var genes. In addition, over a third of the var
gene family is located in internal regions of the chromo-
somes that are not bound by PfSir2 and do not become
activated in response to PfSIR2 disruption. Thus, the
data presented in these two papers implicates PfSir2 in
regulating a specific subset of subtelomeric var genes,
while the authors suggest that the remainder of the
family is regulated in a PfSir2-independent fashion.
These conclusions have important implications for
understanding the coordinated expression of the var
gene family, suggesting that rather than all var genes
representing a large collection of equivalent members,
the genes instead should be divided into separate sub-
sets, each regulated somewhat differently. Multiple
“tiers of regulation” are then necessary to ensure mutu-
ally exclusive expression within the entire complement
of var genes. Such a model is consistent with the ob-
servation that the upstream regulatory regions of var
genes can be divided into a small number of distinct
subtypes (Kraemer and Smith, 2003; Lavstsen et al.,
2003) and also with recent work indicating that certain
subgroups of var genes are expressed early in an infec-
tion while the expression of others is not detected until
later (Jensen et al., 2004). While it is likely that immune
selection is of primary importance in determining which
var genes are detectably expressed over the course of
an infection, differential regulation of different subsets
of var genes could also play a role in this process.
Nonetheless, the structure of the chromatin surround-
ing each gene as well as alterations in its subnuclear
localization are likely to play a universal role in regulat-
ing expression of all var genes, and it is probable that
herein lie the mechanisms that unify the entire family
into a single, coordinated functional unit that plays
such an important role in parasite survival and viru-
lence.
The work described by Duraisingh et al. and Freitas-
Junior et al. raises additional questions for study (Du-
raisingh et al., 2005; Freitas-Junior et al., 2005). What
processes initiate the alterations in chromatin structure
Cell
2that result in a switch from the silent to the active state?
What factors are necessary for silencing the genes not
bound by PfSir2? How does the cell limit expression to
a single gene? If subnuclear localization is important
for regulating transcription, what additional levels of
control must be invoked to maintain one gene in the
active state while a tightly linked, and therefore coloca-
lized gene remains silent? As the answers to these and
other similar questions are revealed, invaluable insights
will be gained into what is one of the most puzzling
and important problems regarding the interactions of
malaria parasites with their human hosts.
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